Here we report a significant advancement in materials science made possible by the use of liquid cell transmission electron microscopy. Namely, the ability to observe self-assembly of Metal-Organic Frameworks (MOFs) in liquids with nanometer resolution. MOFs were studied by LCTEM in order to understand and demonstrate control over the dynamics and electron beam effects of these complex macromolecular, beam sensitive materials. With this control, we were then able to observe the nucleation and self-assembly of zeolitic imidazole framework 8 (ZIF-8) giving us the ability to extract growth kinetics, particle size distribution, particle morphology and crystal structure from a single experiment.
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The ability to observe dynamic self-assembled materials in liquids at the nanoscale is vital to our understanding of synthetic and biological materials. Liquid cell electron microscopy promises to revolutionize our ability to analyze these materials in liquids due to its unmatched spatiotemporal resolution. A key hurdle for analyzing synthetic or biological self-assembled materials by this method has been the ability to control their behavior under the electron beam and in the nanoliter liquid cells. We report the first observation of nucleation and self-assembly of metal-organic-frameworks by LCTEM providing an unprecedented level of information on their formation by a single technique.
This result has far reaching implication as the ability to control and observe these processes for complex macromolecular, beam sensitive materials demonstrates the applicability of this technique for a wide array of soft and biological materials. LCTEM will become essential for our understanding of nanoscale processes for all materials in liquids; however there is current debate in the literature how useful this tool can be for beam sensitive materials like MOFs. Here we demonstrate that with a careful understanding of how the pre-synthesized materials behave in the liquid cell and under electron beam exposure, suitable conditions can be obtained to observe their self-assembly process with minimal beam effects. Using electron diffraction we confirm the same thermodynamic crystal structure is obtained as under bulk synthetic conditions and show for the first time that individual MOF particles growth through a surface reaction limited mechanism. Furthermore, we demonstrate for the first time the ability to control nucleation density in the cell by materials agitation (flow) rather than all previous studies where nucleation of inorganic crystals was controlled by the electron beam. 
